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Effect of prostaglandin inhibition on sodium chloride in the di-
luting segment of the conscious dog. To determine if renal prosta-
glandins (PG) affect sodium chloride transport in the diluting seg-
ment, we measured the free water clearance (CH2O)duringa con-
trol phase (C) and again 7 days later during an experimental
phase (E) with indomethacin or carprofan (to induce acute pros-
taglandin inhibition) in each of 10 conscious dogs. In five studies,
E preceeded C by 7 days. After a water diuresis was established
(Uom < 70 mOsm/kg), the animals were infused with progres-
sively increasing rates of hypotonic sodium chloride. Before so-
dium chloride was infused, urinary PGE excretion rate was less
in E than it was in C and remained so during all hypotonic expan-
sion periods. At each infusion rate, CHO inC and E did not differ.
GFR, degree of volume expansion, medullary and papillary so-
lutes, serum sodium and serum potassium concentrations, and
blood pressure in C and E did not differ. At maximum delivery
rates, fractional sodium reabsorption in the diluting segment was
not different in C and E; also fractional sodium excretion was not
different in C and E. Conclusion. The observation that suppres-
sion of PGE excretion does not affect C110 suggests that renal
PGE does not modify sodium chloride transport in the ascending
limb of the loop of Henle's water-diuresing mechanism of the
conscious dog.
Effet de l'inhibition des prostaglandines sur Ia reabsorption de
chlorure de sodium par le segment de dilution chez le chien éveillé.
Afin de determiner si les prostaglandines rénales (P0) affectent
le transport de chlorure de sodium dans le segment de dilution, Ia
clearance de I'eau libre (C11,) a été mesurée pendant Ia période
de contrôle (C) et a nouveau 7jours plus tard durant une phase
expénmentale (E) au cours de l'inhibition des prostaglandines
par l'indométhacine ou le carprofan chez 10 chiens éveillés.
Dans 5 experiences, E a précédé C de 7 jours. AprCs qu'une
diurèse aqueuse alt été établie (U08m < 70 mOsm/kg), les ani-
maux ont recu des debits progressivement croissants de chlorure
de sodium hypotonique. Avant l'administration de chiorure de
sodium, l'excrétion urinaire de POE était plus basse pendant E
que pendant C et l'est demeurée pendant toute l'expansion hy-
potonique. Pour chaque debit de perfusion C110 pendant C et E
n'était pas différente, Le debit de filtration glomérulaire, le
degre d'expansion, les substances dissoutes contenues dans Ia
médullaire, Ia natrémie, La kaliémie, et Ia pression artérielle
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n'étaient pas différents entre C et E. Aux debits de perfusion les
plus élevés, Ia reabsorption fractionnelle du sodium dans le seg-
ment de dilution n'était pas différente entre C et E; ii en était de
mCme pour l'excrétion fractionnelle du sodium. En conclusion,
l'observation de l'absence d'effet sur CHO de Ia suppression de
l'excrétion de POE suggère que POE rénale ne modifie pas Ic
transport de chiorure de sodium dans Ia branche ascendante de
I'anse de Henle chez Ic chien éveillé, en diurèse aqueuse.
The effect of renal prostaglandins on sodium
transport and excretion remains controversial. En-
dogenous prostaglandins have been found to be
both natriuretic and antinatriuretic [1—7]. In part,
these apparent discrepancies may be related to the
fact that prostaglandins affect renal sodium excre-
tion both by a direct effect on sodium transport [8-
10], and indirectly, especially in the anesthesized
state, by influencing renal hemodynamics [2-4, 11,
12].
It has recently been shown that the inhibition of
prostaglandin synthesis increases the concentration
of sodium and chloride in rat renal medulla [13].
This observation suggests that renal prostaglandins
may decrease sodium or chloride transport in the
ascending limb of Henle's loop (ALH), and/or in the
collecting duct. To evaluate the effect of prostaglan-
dins on sodium chloride transport in the ALH, we
examined the effect of prostaglandin inhibition on
free water clearance (CH2) and sodium excretion in
conscious, water-loaded dogs.
Methods
Studies were performed on ten female mongrel
dogs, each weighing between 16 and 26 kg. C1120 was
measured in each animal with and without prosta-
glandin inhibition and with a 7-day interval between
studies. Ten days prior to the first clearance study,
chronic carotid and jugular catheters were placed in
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each dog. In addition, to insure that urine collec-
tions were complete, a single urinary bladder device
was brought out through the abdominal wall [14].
After undergoing surgical placement of the can-
nulae and throughout the entire study, the dogs re-
ceived a l0-mEq sodium chloride diet. This was
done so that baseline sodium chloride excretion
would be similar during all studies. Also, it has been
shown that CH2O is maximized by a low sodium chlo-
ride diet [15]. For 16 hours prior to the CH2O studies,
the animals received no food but were allowed free
access to water. On the day of the experiment, the
unanesthetized animals were placed in a supporting
sling and studied.
To suppress endogenous vasopressin, we gave
the dogs a water load of 1.5% glucose through the
central venous catheter until the Uosm was less than
70 mOsm/kg, but without inducing glycosuria,
When the Uosm was less than 70 mOsm/kg, two or
three 5-mm baseline clearance periods were ob-
tained. A solution of 0.45% sodium chloride plus 4
mEq/liter potassium chloride was then infused at
progressively increasing rates (range, 8 to 28 ml!
mm), and after urine flow was stable at each in-
fusion rate two or three 5-mm urine collection peri-
ods were obtained.
At the initiation of the water load, an inulin prime
(50 mg/kg) was given i.v. followed by a maintenance
infusion at 1 ml!min to maintain the plasma level
constant between 0.2 and 0.3 mg/mI. A blood
sample was obtained at the midpoint of collection
periods for inulin, osmolality, sodium, potassium,
and chloride concentrations. Urinary prostaglandin
E (PGE) concentrations were measured after the
water load and during the hypotonic expansion at
three different infusion rates in all studies.
Indomethacin (5 mg/kg; seven dogs) or carprofan
(1 mg/kg; three dogs) (Hoffman-LaRoch Inc., Nut-
ley, New Jersey) [7] was given i.v. at the initiation
of the water load. In five dogs, the prostaglandin
synthesis inhibitor was given at the initiation of the
first CH2O study, and in the remaining five it was giv-
en at the initiation of the second study.
To confirm endogenous vasopressin suppression,
we measured plasma arginine vasopressin concen-
trations (PAVP) in samples obtained before, and at
the end of the water load, and following the hypo-
tonic infusion in three dogs (six studies, three with
and three without prostaglandin inhibition).
After concluding the second study, after inducing
anesthesia with pentobarbitol (25 mg/kg) in all ten
dogs, we removed their kidneys and rapidly im-
mersed them in liquid nitrogen for later determination
of medullary and papillary solute content. Thus,
medullary and papillary solutes from kidneys ob-
tained from five dogs whose second CH2O study was
with prostaglandin inhibition were compared to
those from five dogs whose second clearance study
was without prostaglandin inhibition.
Five additional animals were studied to deter-
mine if prostaglandin inhibition affects the intra-
renal distribution of blood flow. These dogs also
were given the 10-mEq sodium chloride diet. On the
day of study, these dogs were anesthetized with
thiopental (20 mg/kg). The left ventricle was cathe-
terized via the aorta from the left femoral artery
with a Goodale-Lubin standard-wall catheter. After
recovery from anesthesia, the dogs were given an
inulin prime followed by a maintenance infusion. A
CH2O study was then initiated and carried out ex-
actly as in the above experiments. At the end of the
CH20 study, radioactive microspheres (85Sr) were in-jected into the left ventricle. The left ventricular
catheter was then removed and the dog returned to
its cage. One week later, the entire procedure was
repeated. At the end of this study, a different
nuclide ('41Ce) of radioactive microspheres was ad-
ministered. The prostaglandin synthesis inhibitor
was given to two dogs during the first study and to
three dogs during the second study.
Analytic techniques. Inulin was measured by the
Anthrone method [16]. The concentrations of so-
dium and potassium in urine, serum, and digested
tissue were determined with a flame photometer
(Instrumentation Lab., model 343), urine and serum
osmolalities were measured with an osmometer
(Advanced Instruments, model 3D), and urine and
serum chloride concentrations were measured with
a chloride analyzer (Instrumentation Labs., model
279). To determine medullary and papillary solute
content, we cut the frozen kidneys into halves and
we took sections from the medulla and papilla. Af-
ter wet weight was determined, the samples were
dried in an oven at 41° C for 48 hours and reweighed
to determine water content. The sections were di-
gested with 70% nitric acid for 24 hours and sodium
and potassium concentrations determined. The ra-
dioactive microspheres (3M Co., Medical Products
Division, St. Paul, Minnesota) were used to mea-
sure regional blood flow in different areas of the re-
nal cortex, as previously described [17].
Urine PGE was measured by radioimmunoassay.
Prostaglandins were extracted from urine by the
method of Fretland [18]. Briefly, this involves ab-
sorption on an Amberlite CG-50 resin, elution with
methanol, and extraction with ethyl acetate. The
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dried organic extract is then chromatographed on a
silicic acid column for separation into PGA, POE,
and PGF fractions [19]. Antibodies for radioimmu-
noassay of POE were prepared in our laboratory by
injecting rabbits with a PGE2-thyroglobulin com-
plex, as described by Stylos et al [20]. A final anti-
body dilution of 1:1200 was required for 50%bind-
ing in the absence of added PGE. Cross reactivities
of this antibody with standard prostaglandins were
as follows: POE1, 100%; PGE2, 37%; PGAI, 1.5%;
PGA2, 0.6%; and PGB1, PGB2, 13,l4-dehydro-15-
keto-PGE1, 15-keto-PGE1, all less than 0.01%. Non-
specific binding was less than 2%. The standard
curve was constructed using a PGE1 standard (Up-
john) with doses ranging from 10 to 1,000 pg, and
the lower limit of sensitivity of the assay was 20 pgl
tube. Samples were analyzed in duplicate, and tn-
tiated POE (700 to 1000 cpm per 2 ml urine) was add-
ed to each urine specimen before extraction of prosta-
glandins. Mean recovery in 119 samples was 63.8
(sEM) 1.2%; in the final computation of POE con-
centration, each sample was adjusted for losses of
3H-POE. The mean value for a single standard,
measured after extraction and assayed five times
over a period of 10 months, was 0.97 (SD) 0.05 ngl
ml (range, 0.92 to 1.05 nglml), giving an interassay
coefficient of variation of 5%.
Plasma arginine vasopressin concentrations were
measured in the laboratory of Dr. G. Robertson,
University of Indiana, Indianapolis, Indiana.
Calculations. OFR was determined from the in-
ulin clearance. Calculations of osmolar clearance
(Cosm), free water clearance (CH2O), sodium clear-
ance (CNa), and chloride clearance (Cr1) were made
using conventional formulae. Both CH2O, as the in-
dex of sodium chloride reabsorption in the diluting
segment, and the distal delivery term C1 + CH2O
were expressed per 100 ml of OFR to facilitate com-
parison between animals. Recently, Danovitch and
Bricker have shown the distal delivery term C1 +
CH2O to be superior to V (urine volume) and CNa +
CHZO in revealing changes in diluting segment func-
tion in response to volume expansion [21]. C1 +
CH2O was used as the distal delivery term, although
our data are not altered by using either V or CNa
+CH2o as alternative indices of delivery. Fractional
reabsorption in the diluting segment (%) was calcu-
lated as Cn2O/CH2O + C1 x 100. Nonurea solutes in
the digested tissue were calculated as 2(Na + K), in
mEq/kg of H20.
The results are recorded as mean SEM. Signifi-
cance of difference between means was determined
by a paired Student's t test. Regression lines and
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Fig. 1. Relationship of urine flow to urinary prostaglandin E
(PGE) excretion with and without prostaglandin synthesis inhibi-
tion (P1). POE excretion was significantly less (P < 0.01) at all
rates of urine flow in studies with P1.
correlation coefficients were calculated by the
method of least squares [221. P values of 0.05 or less
were considered significant.
Results
The mean PGE excretion rate with prostaglandin
inhibition (P1) (2.1 [SEMI 0.3 nglmin) was signifi-
cantly less (P <0.01) than without P1(5.5 1.6 ng/
mm) during the baseline clearance periods after the
water load. POE excretion rate with P1 remained
significantly suppressed (P <0.01) during all hypo-
tonic expansion periods (Fig. I); PGE excretion
was not influenced by urine flow rate. Indomethacin
decreased POE excretion by 72 7%, whereas car-
profan decreased the excretion rate by 50 6%.
The mean PAVP was 6.5 3.3 pg/ml before the
water load. Following the water load, when the
urine osmolality was less than 70 mOsmlkg, the
PAVP was less than 0.5 pg!ml (lower limit of detec-
tion for the assay) in all studies in which it was mea-
sured. Also it remained less than 0.5 pg/ml at the
end of the hypotonic expansion periods. Moreover,
urinary osmolality was 58 4 mOsmlkg with P1 and
55 4 mOsmlkg with P1 after the water load. Mean
urinary osmolality during all hypotonic expansion
periods was 50 3 mOsmlkg without P1 and 48 3
mOsm/kg with P1.
The relationship between CH2O and CH2O + C1 in
dogs with and without P1 is shown in Fig. 2. As CH2O
+ C1 progressively increases, CH2O continues to
rise progressively both with and without P1. The
best fit line for the relationship between CH2O and
o Without prostaglandin
inhibition
S With prostaglandin
inhibition
8
6
C
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the CH2O + C1 in studies with P1 is linear and is
represented by the equation Y = 0.8x — 0.4 (r =
0.97, P < 0.0001). In studies without PT, the rela-
tionship between CH2O and the CH2O + C1 is similar
to the studies with P1. The best fit line is linear and
is represented by the equation Y = 0.8x — 0.3 (r =
0.98, P < 0.0001). Furthermore, at maximum CH2O
+ C1/GFR, fractional reabsorption in the diluting
segment (CH2O!CH2O + Cr1) with P1(76.7 3.4%)
was not different (P> 0.8) from those studies with-
out P1(75.5 2.2%). Taken together, these data
strongly suggest that P1 does not affect CH2O in the
conscious dog.
During the baseline clearance periods, in studies
with P1, absolute sodium excretion (10.9 2.8 Eq/
mm) and fractional sodium excretion (0.1 0.03%)
were not different from absolute sodium excretion
(8.5 2.3 LEq/min) and fractional sodium excre-
tion (0.08 0.02%) in studies without P1. Also, at
maximum delivery rates, in studies with P1, abso-
lute sodium excretion (390 102 j.zEq/min) and
fractional sodium excretion (3.0 1.0%) were not
different from absolute sodium excretion (391 73
* p.Eq/min) and fractional sodium excretion (3.2
0.8%) in studies without P1.
Table 1 shows various parameters that might
change CH2O independent of P1. There were no dif-
ferences in inulin clearances or plasma sodium, po-
tassium, or chloride concentrations with or without
P1. Also, the amount of 1.5% glucose required to
achieve a urinary osmolality of less than 70 mOsml
kg (2250 500 ml without P1 vs. 2150 500 ml with
P1) and the absolute amount of sodium chloride (259
8 mEq without P1 vs. 265 3 mEq with P1) in-
fused during all hypotonic expansion periods did
not differ. The driving force for the backdiffusion of
water, as estimated by comparing inner medullary
and papillary nonurea solutes in studies with and
without PT, was not different (Table 2). Papillary os-
motic gradients, estimated by the difference be-
tween the nonurea solutes and the urinary os-
molality at the time of cessation of the studies, were
not significantly different.
Table 3 shows that the intrarenal distribution of
blood flow after the final hypotonic expansion peri-
od in studies with P1 was not different from the in-
trarenal distribution in those studies without P1. De-
spite initial anesthesia and minor surgery, the CH2O
results with and without P1 in these dogs were the
same as they were in the original studies performed
without measurement of regional blood flow.
Discussion
These results show that significant renal prosta-
glandin inhibition (P1) produced by two different in-
hibitors, does not alter CH2O in the conscious water
diuresing dog. Likewise, P1 produced no change in
GFR, or in sodium excretion. Medullary and papil-
lary solute content and the intrarenal distribution of
blood flow following hypotonic volume expansion
were not different with and without P1. PAVP was
undetectable in the studies in which it was mea-
sured. Therefore, we conclude that in the conscious
Table 1. Inulin clearance and serum sodium, potassium, and chloride concentrations (with and without) prostaglandin inhibition (PI)
Baseline cle
at end of
arance period
water load
Final clearance period
at end of hypotonic expansion
Without P1 With P1 Without P1 With P1
C1,,, mI/mm 87 8 92 10 83 8 89 9
SN,,,mEq/liter 129 2 127 2 132 1 132 2
SK,mEq/liter 4.6 0.3 4.5 0.3 4.3 0.2 4.1 0.1
Sc,,mEq/liter 102 3 101 2 110 2 109 3
Values are mean SEM (N = 10). No significant differences were observed in these parameters.
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Fig. 2. Effect of prostaglandin inhibition on the relationship of
fractional free-water clearance to fractional filtrate delivery to
the ascending limb during hypotonic saline infusion.
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Table 2. Summary of medullary solute dataa
Sacrificed
without P1
Sacrificed
with P1 P
Inner medulla
Watercontent,% 88.6 0.8 89.6 0.8 NS
Nonurea solute, nEq/kg of H20 293.4 12.0 312.7 14.8 NS
Papilla
Watercontent,% 89.2 0.4 90.4 0.1 NS
Nonurea solute, mEq/kg of H20 331.4 15.0 355.4 28.3 NS
Papillary osmotic gradient, inOsn/kg 266 18 280 28 NS
Values are means + suM (N = 5). P1 is prostaglandin inhibition.
dog with undetectable PAVP, renal prostaglandins do
not have a physiologic role in either determining so-
dium chloride reabsorption in the ALH or renal so-
dium excretion.
In confirmation of an earlier report, we found that
CH2O rose progressively without plateau in the so-
dium-chloride-deprived dogs [15]. Possible errors in
using CH2O as an index of sodium chloride reabsorp-
tion in the ALH must be considered [21, 23, 24].
Although we cannot exclude different rates of back-
diffusion of water from the medullary and papillary
collecting ducts as a source of error in assessing
Cu2() in these clearance experiments, this seems un-
likely because of the demonstrated absence of vaso-
pressin and the presence of virtually identical os-
motic gradients between urine and papillary inter-
stitium. Most studies to date suggest that renal
prostaglandins do not influence osmotic water flow
in the absence of vasopressin [25, 26]. Thus, we do
not think it likely that different rates of diffusion of
water from the collecting duct influenced the com-
parison of CH2O between normal and prostaglandin-
inhibited animals.
Additional factors known to influence sodium
chloride reabsorption in the ALH were not different
with and without P1 in our studies. Although recent
studies have demonstrated that the ratio of chloride
to bicarbonate delivery to the ALH may also affect
CH2O formation, serum chloride, inulin clearance,
and filtered load of chloride were not different be-
Table 3. Effect of prostaglandin inhibition (P1) on the percent
distribution of blood flow in renal cortex°
Cortical zone" Without P1 With P1 P
Zone I 39.5 1.2 39.9 1.0 NS
Zone 2 33.4 1.2 32.7 0.9 NS
Zone 3 20.2 1.1 19.8 0.4 NS
Zone 4 7.7 0.4 7.8 0.3 NS
a Valuesare means + SEM of the corrected percent of RBF per
cortical zone (N = 5).
"Zone I represents the most outer cortical zone, and Zone 4
the most inner cortical zone.
fore or after P1. Likewise, sodium and water bal-
ance and serum sodium concentrations [27] were not
different. Five previous studies have shown no dif-
ference in total renal blood flow in the conscious
unstressed dog with and without Pt [7, 28, 29, 30,
31]. We observed no difference in the intrarenal dis-
tribution of blood flow after hypotonic expansion
with and without P1. We therefore believe there
were no physiologic differences in dogs with and
without P1 that could obscure an effect of PT itself
on CH2O or sodium excretion.
Similar to our finding, Altsheler et al [6] have
shown that in awake dogs undergoing a water diure-
sis, prostaglandin synthesis inhibitors do not affect
sodium excretion. In separate experiments, how-
ever, when the same dogs were given an acute iso-
tonic sodium chloride load, prostaglandin synthesis
inhibitors decreased sodium excretion. Fejes-Toth,
Magyar, and Walter recently have shown that the
natriuresis following vasopressin administration is
abolished by PT [32]. Therefore, it is possible that
any effect of prostaglandins on sodium excretion
may be dependent on an interrelationship with
vasopressin. Ganguli et al have demonstrated an in-
crease in the concentration of sodium and chloride
in rat renal medulla after P1 and have suggested that
the enhancement of vasopressin action by indo-
methacin might somehow account for their findings
[13]. Our results are not necessarily in conflict with
theirs because our experiments were carried out un-
der conditions of endogenous vasopressin suppres-
sion, within a different species, and the degree of P1
may have been different in the two studies.
Conflicting results on the effect of prostaglandins
on sodium chloride transport in isolated perfused
thick ascending limbs have been obtained [33-35].
We recognize the possibility that whole kidney
clearance techniques may be too insensitive to iden-
tify prostaglandin-induced changes in sodium chlo-
ride transport in individual nephron segments, espe-
cially concerning functional heterogeneity of the
thick ALH.
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It was the purpose of the present study to deter-
mine if renal prostaglandins affect sodium excretion
by a direct effect on ALH sodium chloride transport
independent of renal hemodynamic changes. Much
data has accumulated suggesting that the prosta-
glandins have an important role in maintaining renal
blood flow only under circumstances of renal stress,
situations in which high endogenous renal prosta-
glandins are observed [29]. It is under these circum-
stances, however, that P1 markedly alters renal he-
modynamics [36]. Therefore, we emphasize that
our experiments were carried out under carefully
controlled conditions, such that P1 would not alter
renal hemodynamics. One cannot conclude that un-
der conditions of stress and high endogenous pros-
taglandins that they do not directly influence so-
dium chloride transport in the ALH or sodium ex-
cretion.
Summary. Our data suggest that in the absence of
the influence of vasopressin on the kidney during
hypotonic expansion, prostaglandins do not impor-
tantly influence ALH function or sodium excretion.
We suggest that if prostaglandins do play a role in
sodium chloride excretion, they do so primarily by
modifying sodium chloride transport in the distal
nephron in the presence of vasopressin.
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